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This study analyzed the free and protein-bound forms 
of dopa, 5-S-cysteinyldopa (5-S-CD), and 5-S-glutathi-
onedopa (5-S-GD) in B16 and Harding-Passey (HP) 
mouse melanomas to investigate the role of these cate-
chols for melanogenesis and melanosome morphogene-
sis, inasmuch as these tumors produce melanosomes 
different in color and ultrastructure, i.e., eumelanosome 
type in B16 and pheomelanosome type in HP. Between 
B16 and HP mouse melanomas, however, we found (a) 
no significant difference in the level of free dopa and 5-
S-CD in melanosomes and tumors, although the levels of 
these catechols reflected well the type of melanogenesis 
in control hair of normal mice, (b) a significant difference 
in free 5-S-GD level, which might, in part, reflect the 
observed difference in melanogenesis, and (c) no appar-
ent difference in the level of bound dopa and 5-S-CD in 
either melanosomes or tumors. Thus, the striking differ-
ence in the color of melanosomes between B16 and HP 
melanomas seems to be related primarily to the con-
tent-not the type-of melanin pigments. 
M elanin pigments can be classified into black eumelanin a nd 
yellow to reddish-brown pheomelanin. Briefly, eumela nin is 
composed of indole units derived from 3,4-dihydroxyphenylal-
anine (dopa), while pheomelanin is composed of benzothiazine 
units from cysteinyldopas produced by tyrosinase oxidation of 
dopa in the presence of cysteine. 5-S-Cysteinyldopa (5-S-CD), 
a qua ntitatively major isomer of cysteinyldopas a nd glutathi-
onedopas, may also participate in the regulation of melanogen-
esis [1]. 
Bl6 and H arding-Passey (HP) melanomas produce melano-
somes of which the ultrastructures and colors a1·e quite distinct 
from each other [2,3]. Bl6 melanoma produces ellipsoidal-la -
mellar melanosomes, ide ntical to the eumelanosomes of skin 
and hair. HP melanoma. synthesizes spherical-granular mela-
nosomes such as the pheomela nosomes of hair and feathers. 
The lyophilized materials ofB16 melanosomes are brown-black 
whereas those of HP melanosomes are reddish brown or light 
brown. This study analyzed the concentrations of free dopa, 5-
S-CD, and 5-S-glutathionedopa (5-S-GD) , and of protein-bound 
dopa and 5-S-CD in normal hair, and then compared the 
concentrations of the free and protein-bound forms of these 
catechols in Bl6 and HP melanomas in the hope of finding 
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some correlation between the melanogenesis and the levels of 
these catechols. High-pelformance liquid chromatography 
(HPLC) with electroch emical detection was used to quantify 
the catechols. 
MATERIALS AND METHODS 
Chromatography 
A Y anaco Model L-2000 liquid chromatograph was used. A Y anaco 
Model VMD-101 electrochemical detector incorporating a glassy car-
bon electrode was set at either +500 m V (for catechols) or +950 m V 
(for tyrosine) vs. an Ag/ AgCl reference electrode. All analyses were 
performed on a C," reversed-phase column (Yanaco ODS-T, 0.4 x 25 
em) with the mobile phase of 0.1 M potassium phosphate buffer, pH 
2. 1. The column temperature was maintained at either 45°C (for 
catechols) or 60°C (for tyrosine) . The flow rate was 0.7 ml/min . The 
reference standard of 5-S-CD was prepared as described by Ito et al 
[4). A mixture of glu tathionedopa isomers was enzymically prepared 
from dopa and glutathione in the presence of mushroom tyrosinase and 
was isolated as described by Agrup et al [5]. 
Biochemical Analysis 
The source of melanomas and the deta ils of melanosome isola tion 
have been reported previously [2,3). The tissues, approximately 0.5-1.0 
g of melanoma and 100 mg of hair in each experiment, were homoge-
nized with 0.4 M HClO., centrifuged at 10,000 g for 5 min, and for the 
subcellular fraction 4 M HClO., was added to a final concentration of0.4 
M HC10.1• The supernatant (acid-soluble fraction) was analyzed for free 
dopa, 5-S-CD, and 5-S-GD by directly injecting into the HPLC. The 
precipitate (acid-insoluble fraction) was heated under reflu x in 10 ml of 
6 M HCl containing 50 mg of cysteamine hydrochloride for 24 h. The 
hydrolysate was centrifuged to remove insoluble material and evapo-
rated. The catechols liberated from proteins were then isolated by 
alumina extraction using the commonly used method wi th minor mod-
ifications, and were analyzed by HPLC. The catechols were quantified 
from the peak ratios relative to the internal standard, isoproterenol. 
The black material insoluble in the hydrolysate was washed with 0.1 
M HCl and acetone, and dried in a desiccator. This was considered as 
melanin. 
For tyrosine determination, the hydrolysate solu tion was injected 
into the HPLC after appropriate dilution. Validity of this method was 
confu·med by comparing the resul ts with those using an amino acid 
analyzer. 
RESULTS 
Analytical Conditions 
Extraction of tissues with 0.4 M HClO. afforded acid-soluble 
a nd -insoluble fractions. The acid-$oluble fraction contained 
the free forms of dopa, 5-S-CD, a nd 5-S-GD. The protein-bound 
forms of dopa and 5-S-CD were liberated by acid hydrolysis of 
the acid-insoluble fraction. Tissue concentrat ion of free cate-
chols has usually been determined after purification on alumina. 
We, however, found that alumina extraction could be omitted 
when the determination of these ~atechols in m ela nogenic 
tissues was performed at the oxidation potent ia l of +500 m V; 
catechols were detect~d with high selectivity at this poten t ia l. 
The stability of dopa a nd 5-S-CD was studied under hydro-
lytic conditions inasmuch as catechols are extremely susceptible 
to air oxidation . As shown in Table I, these catechols, especia lly 
5-S-CD, were unstable in the absence of a reducing agent, but 
th'eir recoveries were greatly improved by the addition of cys-
208 ITO ET AL 
teamine and BSA. The tissue contents of protein-bound 5-S-
CD in this study were corrected for the 91% recovery. 
Free and Protein-bound Dopa and 5-S-CD in Mouse Hair 
Table II indicates a clear correlation between the level of free 
melanin precursors and the type of melanogenesis. Black hair, 
a eumelanic tissue, contained a high level of dopa and a negli-
gible level of 5-S-CD. On the other hand, yellow hair, a pheo-
melanic tissue, contained high levels of both dopa and 5-S-CD. 
5-S-GD was not detected in any type of hair examined. Protein-
bound dopa and 5-S-CD were detected irrespective of type of 
melanogenesis. The level of bound catechols, especially of 5-S-
CD, however, was significantly higher in the black hair than in 
the yellow hair. This may be related to the higher tyrosinase 
activity in eumelanocytes than in pheomelanocytes [6]. Melanin 
content in black hair was 93 ± 24 mg/g, while that in yellow 
hair was negligible. 
Dopa, 5-S-CD, and 5-S-GD in Bl6 and HP Melanomas 
Having establish ed that the level of both the free and protein-
bound forms of dopa and 5-S-CD correlated well with the type 
of melanogenesis in mouse h air, we then analyzed the level of 
these catechols in B16 and HP melanomas using 3 tumors of 
greatly different s izes (Table III). Although the level of both 
forms of these catechols varied greatly among the individual 
tumors, no significant difference was found between the mean 
values of B16 a nd HP melanomas. The largest difference be-
tween B16 and HP melanomas was seen in the level of 5-S-GD; 
HP melanoma contained significant amounts, while B16 mela-
noma did not. 
Dopa, 5-S-CD, 5-S-GD, and Melanin in Melanosomes and 
Soluble Fractions of Bl6 and HP Melanomas 
The concentrations of free and bound forms of dopa and 5-S-
CD (and 5-S-GD) in the melanosomes and soluble fractions of 
B16 and HP melanomas were compared (Table IV). In both 
B16 and HP melanomas, the soluble fractions contained much 
higher amounts of free dopa and 5-S-CD or 5-S-GD than did 
the melanosome fractions. Very high levels of 5-S-CD and 5-S-
TABLE I. Stability of dopa and 5-S-CD under hydrolytic conditions" 
Compound added 
Alanine (50 mg) 
BSA (50 mg) 
BSA (50 mg) + cysteamine. HCl (50 mg) 
% Recovery'' 
Dopa 5-S-CD 
91.2 ± 5.3 
86.5 ± 7.4 
98.1 ± 3.4 
30.2 ± 23.8 
78.3 ± 9.1 
91.4 ± 4.8 
" A mixture of 10 11-g each of dopa and 5-S-CD was heated under 
reflux for 24 h in 10 ml of 6 M HCI. 
" Mean ± SO for 4 experiments. The catechols were quantified 
without the alumina extraction. 
TABLE II. Free and protein-bound dopa and 5-S-CD in mouse hair 
of various colors" 
Color Strain Genetic pg/g tissue (per ty rosine)" background Form Dopa 5-S-CD · 
Black C57BL/6J a/a,C!C Free 26 ± 2.0 0.3 ± 0.5 
Bound 200 ± 68 220 ± 13 
Yellow" 
(3.8 ± 1.1) ' (2.6 ± O.o) 
C57BL/6J A'/a, C/c Free 24 ± 3.7 22 ± 4.4 
Bound 76 ± 29 49 ± 4.7 
(1.4 ± 0.6) (0.57 ± 0.01) 
"5-S-Glutathionedopa was not detected. 
" Mean ± SO for 3 animals. The catechols were quantified without 
the alumina extraction. 
,. Values in parentheses represent mmol of the catechol per 1 mol of 
tyros ine in the hydrolysate. 
"The genetic background of ye llow and black mice was reported 
previously [7). 
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TABLE III. Free and protein-bound dopa, 5-S-CD, and 5-S-GD in 
BIG and HP melanomas 
Melanoma }lg/g tissue (per tyrosine)~' (weight) Form Dopa 5-S-CD 5-S-GD 
B 16 melanoma 
0.49 g Free 5.1 2.6 0.0 
Bound 16 (4.4) 2.3 (0.31) 
0.95 g Free 3.4 4.5 0.0 
Bound 45 (8.7) 10.4 (1.25) 
3.8 g Free 13 5.8 0.3 
Bound 26 (5.3) 7.7 (1.00) 
Mean Free 7.3 4.3 0.1 
Bound 29 (6.1) 6.8 (0.85) 
HP melanoma 
0.44 g Free 8.1 9.1 7.0 
Bound 36 (6.8) 6.3 (0.74) 
0.78 g Free 4.4 9.9 1.4 
Bound 31 (7.0) 10.5 (1.47) 
2.8 g Free 13 7.3 4.7 
Bound 28 (5.3) 9.5 (1.03) 
Mean Free 8.5 8.8 4.4 
Bound 32 (6.4) 8.8 (1.08) 
"Values in parentheses represent mmol of the catechol per 1 mol of 
tyrosine in the hydrolysate. 
TABLE IV. Dopa, 5-S-CD, 5-S-GD, and melanin in melanosomes 
and soluble fraction of BIG and HP melanomas 
Melanoma pg/g tissue" (per tyrosine)" 
Fraction Form Dopa 5-S-CD 5-S-GD Melan in 
816 melanoma 
Experiment I 
Melanosome Free 0.5 1.9 0.0 
Bound 12 (54)'' 1.1 (3.1) 
Melanin 3500 
Soluble Free II 48 0.0 
Bound 1.1 (1.5) 4.6 (3.9) 
Experiment 2 
Melanosome Free 0.5 5.2 0.0 
Bound 21 (50) 3. 1 (4.6) 
Melanin 7100 
Soluble Free 1.0 9. 1 0.0 
Bound 2.4 ( 1.2) II (3.5) 
HP melanoma 
Experiment I 
Melanosome Free 0.4 0.8 0.1 
Bound 9.9 (45) 1.2 (3.4) 
Melanin 800 
Soluble Free 5.2 5.0 45 
Bound 2.2 (:J.O) 18 (16) 
Experiment 2 
Melanosome Free 0.2 0.9 0.4 
Bound 16 (20) 6.3 (4.8) 
Melanin 2200 
Soluble Free 2.9 5.5 91 
Bound 4.9 (2.6) 20 (6.5) 
"Calculated on the basis of wet weight of melanoma. 
" Values in parentheses represent mmol of the catechol per I mol of tyrosine 
in the hydrolysate. 
GD were found in the soluble fractions of B16 a nd HP mela-
nomas, respectively. Some of these catechols might have been 
produced during the fractionation procedures, inasmuch as a 
lower level of these catechols was found in the intact melanomas 
(Table III) . . 
Protein-bound dopa and 5-S-CD in B16 and HP m elanomas 
showed distribution patterns similar to each other; the melan-
osome fractions contained greater amounts of dopa than 5-S-
CD, while in the soluble fractions the relative ratio was re-
versed. When the catechol concentrations were calculated in 
terms of mmol/mol of tyrosine residues, the level of bound 
dopa in the mela nosome fractions became very high; the 
dopa:tyrosine ratios in melanosomal proteins were approxi-
mately 1:20 (except for Experiment 2 of HP melanoma in which 
the ratio was 1:50). The melanin content in B16 melanosomes 
was 3-4 times higher than in HP melanosomes (Table IV). 
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DISCUSSION 
This study first measured the level of free dopa and 5-S-CD 
in mouse hair and melanomas. The black hair from C57BL 
mice and the yellow hair from C57BL A'/a mice served as good 
models for eu- and pheomelanogenesis, respectively [7). In the 
mouse hair, the catechol levels refl ected well the type of mela-
nogenesis: dopa was fou nd both in eumelanic and pheomelanic 
hair, whereas 5-S-CD, the ultimate precursor of pheomelanin, 
was found only in pheomelanic hair at a high level. In contrast, 
we did not find any significant difference in the levels of these 
catechols between B16 and HP m elanomas, either when intact 
melanomas were used or when their subcellular fractions were 
employed. There was, however , a significant difference in the 
5-S-GD level between B16 and HP mela nomas. This finding 
may reflect, in part, the observed difference in melanosome 
synthesis between the two tumors, though, at present, very 
little is known about the role of this catechol in t he regulation 
of melanogenesis [1). 
We also analyzed comprehensively the levels of protein-
bound dopa and 5-S-CD for the first time. The occurrence of 
bound dopa was first reported by Takahashi and Fitzpatrick 
[8]. They found large a mounts of bound dopa in HP melanoma 
(230 !J.g/ g), but rather small amounts in B16 melanoma (10 !J.g/ 
g). Their value in HP melanoma was some 10 times higher t han 
our value; the reason for this discrepancy is not clear at present . 
Agrup eta] [9] have reported the presence of bound 5-S-CD in 
huma n melanomas. In this study; there were no significant 
differences between B16 and HP in the levels of protein-bound 
dopa and 5-S-CD in melanosomes or tumors. 
Finally, it was found that t he c_oncentrations of both free and 
protein-bound catechol amino acids in melanosomes were not 
significantly different between B16 and HP melanomas. It thus 
seems that the striking difference in color between B16 and HP 
melanosomes is primarily rela ted not to t he type but to the 
content of melanin pigments, which was 3-4 times higher in 
B16 melanoma than in HP. It is necessary to analyze melanin 
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itself to better understand to what extent the morphologic 
differentiation of melanosomes determines the type of mela-
nogenesis and quantity of melanin(s) produced therein. Studies 
toward achieving this objective are now in progress. 
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